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Diarrhea is an important clinical problem in HIV-infected
There is no information on the prevalence of the uncommon Campylobacter species (i.e., species other than C. jejuni patients. Most cases of bacterial diarrhea in both HIV-infected patients and immunocompetent individuals are caused by simisubspecies jejuni, C. coli, and C. lari, which together with C. upsaliensis are considered common Campylobacter species lar organisms; however, Campylobacter jejuni more frequently causes diarrhea in HIV-infected patients [1] . The incidence of in this article in the feces of HIV-infected patients with or without diarrhea. The enteropathogenicity of these uncommon C. jejuni infection among patients with AIDS (mean annual incidence, 519 cases per 100,000 patients) is higher than that Campylobacter species is not known; however, C. jejuni subspecies doylei, C. mucosalis, C. sputorum, C. concisus, in the healthy population (13.3 cases per 100,000 persons) [1] .
C. hyointestinalis, and Helicobacter cinaedi have been isolated from otherwise healthy adults and children with diarrhea [9] [10] [11] [12] [13] [14] . See editorial response by Quinn on pages 1114 -7.
The objectives of our prospective study were to evaluate the following factors: the bacteriologic causes of diarrhea in HIV-C. jejuni, Campylobacter coli and Campylobacter lari have infected patients; the association of various Campylobacter been recognized as enteric pathogens [2] . C. jejuni and C. coli species with diarrhea; the phenotypic and genetic characteriscan also cause prolonged diarrhea in HIV-infected patients [3, tics of Campylobacter species recovered from patients with 4]. The species Campylobacter upsaliensis has recently been and without diarrhea; and the clinical characteristics of the described, and it also appears to be an important cause of patients with Campylobacter species in their feces. diarrhea [5] . C. upsaliensis is susceptible to the antimicrobial agents incorporated in the selective media used for isolating C. jejuni and C. coli [6]; and may not grow at 42ЊC [7] . TherePatients and Methods fore, other culture methods, in particular a membrane filter
Patients. The criteria for inclusion in this study were method [8] , are required for isolation of C. upsaliensis.
proven HIV infection and an age of §18 years. All patients infected with HIV-1 were asked to submit a fresh stool specimen. The patients were also asked to complete a questionnaire Received 24 July 1996; revised 19 November 1996. about the frequency and consistency of their stools during the Informed consent was obtained from the patients, and the study protocol week before the stool was collected, the occurrence of addiwas approved by the ethical review board of the Academic Medical Center.
tional symptoms, and the use of medication that could affect DNA polymerase (Perkin-Elmer-Cetus), and 5 mL of extracted DNA. The samples were subjected to 35 amplification cycles eysville, MD), and gram-negative broth (Hajna; Difco) as enrichment. A selective cefsulodin-irgasan-novobiocin medium for 1 minute at 95ЊC, for 1 minute at 54ЊC (primers THERM1/ THERM2, HYO1/69ar, and FET1/69ar) or at 58ЊC (primers (Oxoid, Basingstoke, Hampshire, England) and a glucose broth enrichment medium were used to isolate Yersinia species. Iso-SPUT1/SPUT2, MUC1/MUC2) or at 60ЊC (MUC1/CON2), for 2 minutes at 72ЊC, and for a final extension of 8 minutes at lates were further characterized by using conventional bacteriologic methods, as previously outlined [17] . A cell-culture assay 72ЊC. Generated DNA fragments were separated by electrophoresis on a 1.5% agarose gel with 1 mg/mL ethiumbromide at was used to detect Clostridium difficile toxin [18] .
Culture methods for Campylobacter species. The Campylo-90 V for 1 
coli (Lior seroamphotericin B (2 mg/L). The membrane filter technique was
types 46 and 48), and C. hyointestinalis were obtained from performed by using cellulose-triacetate filters with a pore size of the culture collection of the Laboratory for Microbiology of the 0.65 mm (Sartorius, Goettingen, Germany) applied to nonselective University of Gent, Gent, Belgium (P. Vandamme). Reference sheep-blood agar plates [11] . The filter was placed centrally on strains of C. upsaliensis, C. lari, C. jejuni subspecies doylei, an agar plate, and Ç10 drops of fecal suspension were deposited C. fetus, C. concisus, Helicobacter pylori, and Helicobacter on the surface of the filter with a Pasteur pipette. After incubation fennelliae were obtained from the culture collection of the for 30 minutes at room temperature, the filter was removed and University of Goteborg (CCUG), Goteborg, Sweden. Reference discarded. The modified Butzler media were incubated at 42ЊC strains of C. sputorum and C. mucosalis were donated by D. S. in 85% N 2 , 10% H 2 , and 5% CO 2 for 3 days, whereas the plates Koster (TNO-voeding, Zeist, the Netherlands). used with the filtration method were incubated at 37ЊC in the Statistical analysis. Data were entered into the statistical same environment for 5 days.
program Epi-Info version 5.0 (Centers for Disease Control and Identification of phenotypes. Campylobacter species were Prevention, Atlanta). Continuous variables were compared by presumptively identified on the basis of colony morphology, the presence of curved gram-negative rods in a gram stain, damme et al. [19, 20] and Ursing et al. [21] .
Antimicrobial susceptibility testing. To determine susceptiPrimer Nucleotide sequence bilities, we used a conventional agar diffusion technique on Genetic characterization. DNA was extracted from pure also with MUC1/CON2. C. concisus did not react with MUC1/ † Three patients received loperamide.
MUC2. H. pylori and H. fennelliae did not react with any of the ‡ The patient developed diarrhea a few days after the positive cytotoxicity test.
primer sets mentioned above. § Two patients had tenesmus and mucus in their stools.
Ten of the 12 isolates in this study were available for PCR amplification with the above primers (table 5). Eight of these 10 strains yielded a 290-bp fragment with use of the primers patients 9 and 10) did not have biochemical patterns suggestive THERM1 and THERM2 and should thus be considered comof any Campylobacter species.
mon Campylobacter species. The two remaining strains did not Antimicrobial susceptibility testing. One strain (C. concireact with any of the primers tested and may thus be considered Campylobacter strains for which no specific primers are cursus) was resistant to tetracycline and ciprofloxacin. Combined jejuni also grow best at a temperature of 37ЊC. The only isolate that three were probably C. upsaliensis (patients 8, 9, and 10).
of C. jejuni subspecies jejuni cultured in our study was not Table 6 shows the characteristics of the patients from whom detected by the selective medium method. these Campylobacter strains were recovered. More than half
The genus Campylobacter contains 17 species [17] . Consenof these patients had diarrhea, and almost all had received sus was recently reached on the minimum phenotypic characantiretroviral therapy.
teristics required for presumptive identification of these species [23] . In practice, these criteria are still insufficient for identifying all Campylobacter species adequately, and additional Discussion phenotypic tests are required [26] . The difficulties of phenoForty-three (21%) of the 201 HIV-infected patients in this typic characterization are highlighted in the literature by the cross-sectional study had diarrhea. Campylobacter species use of terms such as ''atypical Campylobacter strains'' or were the most frequently isolated enteropathogenic bacteria ''Campylobacter-like organisms (CLOs)'' [9, 27] . (6%). Campylobacter species were recovered significantly Only SDS-PAGE of whole-cell proteins, followed by numermore often from patients with diarrhea (16%) than from paical analysis of the electrophoretic protein patterns and use of tients without diarrhea (3%) (P Å .001). This difference was not molecular biological methods, is suitable for a correct identifisignificant when the three patients with diarrhea who harbored cation of Campylobacter species [21, 28] . In particular, the Campylobacter and other pathogens were excluded from the interspecies variation of the region between helices 43 and 69 analysis (P Å .15).
of the 23S rDNA gene has been used as a target sequence for The prevalence of Campylobacter-associated diarrhea was further differentiation of Campylobacter species. We could not higher than the prevalence of salmonellosis, but most of the identify the 21 reference strains by using the phenotypic characpatients were receiving co-trimoxazole and zidovudine.
teristics described above, but our results with the molecular Therapy with co-trimoxazole as well as zidovudine seems to biological approach were in agreement with those of Bastyns protect against salmonellosis [24, 25] , whereas Campylobacter et al. [23] . species are intrinsically resistant to trimethoprim and variably Only five of 10 isolates from our patients could be correctly resistant to sulfamethoxazole. The effect of zidovudine on the identified by conventional biochemical assays. All four Campyincidence of campylobacteriosis is unknown.
lobacter species phenotypically characterized as common were Eleven of the 12 Campylobacter strains isolated in this study also genetically identified as common species. However, four grew only on nonselective agars when the membrane filter of the six strains designated as uncommon or unidentified on technique was performed at an incubation temperature of 37ЊC the basis of phenotypic characteristics were in fact found to for a prolonged period (5 days). The small and motile campylobe common by the molecular biological approach. These four bacters pass through a 0.65-mm triacetate filter placed on the strains, as well as the two genetically uncommon strains, grew surface of an agar plate, whereas other bacteria are trapped. In slowly and were therefore not recognized as common species. previous studies of HIV-infected patients with diarrhea, these A reexamination of these four strains showed that it was likely methods were not used to assess the incidence of Campylothat three were in fact C. upsaliensis (table 5; patients 8, 9 , and 10). bacter-associated diarrhea [3] . The temperature for incubation 
